Hoilungia, and at least 19 cryptic species, called haplotypes [8] [9] [10] . These benthic animals feed on algae and 69 bacterial biofilms by external digestion and subsequent uptake via the ventral epithelium 11, 12 . All known 70 placozoans consist of six morphologically differentiated cell types that are organized in three layers 5, 8, 13, 14 . The 71 thick ventral epidermis consists of ciliated epithelial cells, in which glandular and lipophilic cells are irregularly 72
interspersed. The thin dorsal epidermis consists of ciliated epithelial cells in which crystal cells occasionally 73
occur. An internal meshwork of fiber cells, sandwiched between the two epidermal layers, connects the ventral 74 and dorsal body wall 14 . Intracellular symbionts were first described from these fiber cells 5, 7, 14 . The bacteria 75
were present in all seven haplotypes examined, independent of sampling site or time, and were hypothesized 76 to reside in the lumen of the rough endoplasmic reticulum (rER) 5, 7, 8, 14 . Persistent and stable residence of a 77 bacterium in the rER of a host would be remarkable, as the vast majority of intracellular symbionts live in the 78 cytoplasm or vacuoles, and the few known exceptions inhabit the nucleus or mitochondria [15] [16] [17] . 79
Sequencing projects of placozoan genomes consistently yielded rickettsial and other bacterial sequences 8, 18, 19 . 80
However, as thousands of host individuals were pooled for these analyses, it was neither clear if these bacterial 81 sequences originated from contaminants or symbionts nor if they were consistently present in all host 82 individuals. Our recent advances in sequencing both the metagenome and metatranscriptome of single host 83 individuals with DNA and RNA yields as low as 0.5 ng, together with correlative imaging analyses, allowed us to 84 explore the patterns, structure, and function of the placozoan symbiosis at the individual and cellular level. We 85 focused on the Trichoplax haplotype H2, previously reported to host two bacterial morphotypes 7 . To 86 characterize the microbiome of this placozoan, we employed a combination of metagenomic, 87 metatranscriptomic, and metaproteomic analyses together with fluorescence in situ hybridization, and 3-D 88 reconstruction based on serial electron microscopy tomography. 89
Results and Discussion

90
The Trichoplax H2 microbiome is dominated by two bacterial symbionts 91 We isolated a placozoan H2 haplotype lineage from a seawater tank at the Kewalo Marine Laboratory, 92
University of Hawaiʻi at Mānoa, Honolulu, Hawaiʻi ( Supplementary Fig. 1 ). To characterize the microbiome of 93 this Trichoplax H2, we combined highly sensitive DNA and RNA extraction and library preparation protocols, to 94 sequence the metagenomes and metatranscriptomes of microscopic single individuals that have an estimated 95 RNA (rRNA) gene reads, all five individuals had similar microbial communities, consisting only of 97 Alphaproteobacteria, Gammaproteobacteria and Flavobacteria as well as a member of the Margulisbacteria, a 98 recently characterized phylum with no cultured representatives 20, 21 ( Supplementary Fig. 2 ). Only two taxa from 99 these bacterial phyla were highly abundant in all five host individuals (Supplementary Table 1) . 100
The first, and most abundant 16S rRNA phylotype was an Alphaproteobacterium from the family 101 Midichloriaceae (Rickettsiales) 22 (Fig. 1a) . Midichloriaceae are obligate intracellular, often pathogenic, bacteria 102 found in protists and animals, including humans 23 . In 16S rRNA analyses, the Trichoplax H2 midichloriacean 103 phylotype formed a new lineage that clustered with sequences recovered from diverse invertebrate hosts, 104 including the cnidarian Hydra, the Pacific oyster (Crassostrea gigas) and the Japanese spiky sea cucumber 105 (Apostichopus japonicus), as well as sequences from subsurface sediment samples (98.4% -99.4% identity). 106
We propose the Candidatus taxon Grellia incantans for this midichloriacean phylotype, based on tree topology 107 and 16S rRNA gene identities of 95.4 -96.5 % to the closest characterized genus Cand. . The 16S rRNA sequence of this phylotype was 98.3% identical to that of 111 G. incantans. Based on tree topology, the Trichoplax H1 phylotype belongs neither to the genus Grellia nor to 112
Cand. Bandiella, but to a separate, yet undescribed genus we gave the working name RETA1 here (Fig. 1a) . 113
We employed a metagenomic binning strategy based on assembly graph analysis 26 that enabled us to recover 114 the complete 1.26 Mb bacterial chromosome of G. incantans (Supplementary Note 1). We used the genome of 115 G. incantans to BLAST-search the Trichoplax H1 genome for related sequences, and assembled a partial 116 genome of a rickettsial bacterium (RETA1) that was highly similar to the set of rickettsial contigs found in the 117 Trichoplax H1 genome by Driscoll et al. 19 . Phylogenomic analyses of the G. incantans genome, the RETA1 draft 118 genome and selected Rickettsiales corroborated our 16S rRNA gene analyses and placed the Trichoplax H1 and 119 H2 symbionts in the Midichloriaceae. G. incantans was phylogenetically distinct from the Trichoplax H1 RETA1 120 and, based on amino acid sequence identity, these two symbionts belong to two separate genera ( Fig. 1a and  121 1b, Supplementary Note 1) 27, 28 . 122 123 Figure 1 Cand. Grellia incantans represents a novel genus in Midichloriaceae (Rickettsiales) 124
Bootstrap support values below 0.5 are not shown. Scale bars indicate substitutions per site. a, 16S rRNA tree 125 of G. incantans and related Midichloriaceae; for each sequence, the accession number, the % identity to G. 126 incantans, and the published taxonomic names and hosts, where available, are indicated. b, Phylogenomic 127 reconstruction using 43 conserved marker genes based on metagenome assembled genomes and reference 128 genomes. 129
The second most abundant and consistently present bacterial taxon in the Trichoplax H2 metagenomes 130 belonged to the Margulisbacteria, a phylum without isolated representatives that forms the sister clade to 131 Cyanobacteriota 21, [29] [30] [31] . No 16S rRNA sequences with > 90% identity to this bacterial taxon were found in public 132 sequence databases, indicating a novel group at the genus or even family level. We propose a new Candidatus 133 taxon Ruthmannia eludens for this bacterium (R. eludens from here on; see Supplementary Note 2 for detailed 134 description and etymology). 135
Using metagenomics binning, we recovered a 1.51 Mb metagenome assembled genome for R. eludens with an 136 average GC content of 37%. Our phylogenomic analyses confirmed our 16S rRNA gene results and placed R. 137 eludens in the Margulisbacteria 21,29 (Fig. 2) . Three classes of Margulisbacteria are currently characterized in the 138 Genome Taxonomy Database (GTDB: http://gtdb.ecogenomic.org), WOR-1, GWF2-35-9, and ZB3 139 (Marinamargulisbacteria) 21, 32 , while a fourth class is known from termites (Termititenax) 33 . 140 R. eludens belongs to the Marinamargulisbacteria and was distantly related to several single-cell amplified 141 genomes and metagenome-assembled genomes from oceanic samples 21 (Fig. 2) . Marinamargulisbacteria are 142 aquatic bacteria that occur worldwide in a wide range of water and sediment samples, and are only known 143 from sequence-based studies; draft genomes have been recovered only from marine pelagic samples (Fig. 2) . 144
Only seven single-cell amplified genomes and five metagenome-assembled genomes are available for 145 Marinamargulisbacteria, with recovered drafts of 0.5 -2.0 Mb, and all genomes are classified as medium to 146 low quality 34 . Our binning strategy led to the recovery of a complete bacterial chromosome from the 147
Margulisbacteria with a genome size of 1. Table 2 ). To overcome the high autofluorescence of the host 159 and improve the signal to noise ratio, we modified the standard FISH protocol and used double and quadruple 160 labeled probes, combined with highly sensitive microscopy ( Supplementary Fig. 3 ). No bacteria except the two 161 symbionts G. incantans and R. eludens were detected in all placozoan individuals examined ( Fig. 3a ; 162 Supplementary Fig. 4 ). G. incantans was thin and rod-shaped, with a maximum length of 1.2 μm and width of 163 0.20 to 0.30 μm (Fig. 3a and Supplementary Figs. 4) . In contrast, R. eludens had a wider and stouter rod-shaped 164 morphology with a similar maximum length but a width of 0.33 to 0.47 μm ( Our correlative FISH and TEM analyses of five Trichoplax H2 individuals revealed that the two bacterial 176 symbionts were always intracellular, spatially segregated, and specific to one of the six host cell types ( Fig. 3b  177 and Supplementary Figs. 5, 6 and 7) . G. eludens was only observed in fiber cells, and was the only bacterium 178 located in these cells (Fig. 3b and Supplementary Figs. 5 and 6 ). All G. incantans cells were surrounded by a host 179 membrane densely covered with ribosomes (Figs. 3c, 3d and Supplementary Fig. 6 ) (n=49 symbiont cells in 9 180 specimens). Similar host structures surrounding the bacteria in other Trichoplax lineages were interpreted to 181 indicate that the bacteria reside inside the host's rER become covered by host ribosomes as an effective strategy for avoiding digestion by their hosts 15, 35, 36 . 185
To resolve the sub-cellular architecture of the G. incantans symbiosis, we used high-resolution 3-D TEM 186 tomography to determine if the structures surrounding the symbiont cells were remodeled phagosomes or rER. 187
Our 3-D electron tomographic reconstructions revealed that the ribosome-covered membranes, in which G. 188 incantans occurred, formed networks that were connected to the nuclear envelope, indicating that the 189 structure in which G. incantans is embedded is in fact rER. G. incantans were only observed in the rER, some 190 even within the same rER lumen, and never in other host structures ( Fig. 4; Supplementary Fig. 8 ; 191
Supplementary Video 1). These analyses thus suggest that G. incantans persistently resides in the rER of its host 192 (Fig. 4) . . The CU system of R. eludens had remote homologs (25 -30% amino acid identity) to that 210 prey 38 . Both chaperone and usher (PapC and PapD) were expressed, albeit at low levels (Supplementary Table  212 3). 
Cand. Ruthmannia eludens gains nutrition by using lipids degraded by its host (330)
226
To investigate the physiology of R. eludens, we sequenced the metatranscriptomes of the same single 227 placozoan individuals that were used for metagenomic analyses (n=3), as well as generated metaproteomes 228 from pooled samples of 10 to 30 individuals (n=3). Based on physiological modeling using these expression 229 data, R. eludens is an aerobic chemoorganoheterotroph with a complete TCA cycle that generates energy and 230 biomass from glycerol and the beta-oxidation of fatty acids ( Table 4 ). These host lipases hydrolyze lipids to glycerol and fatty acids. The genome of 234 R. eludens also encoded lipases. These would allow R. eludens to digest lipids independently of their host. 235
Interestingly, these lipases did not appear to be expressed (Supplementary Table 3) . 236 they can easily diffuse through cell membranes. We predict that the fatty acids are taken up and activated by R. 239 eludens based on its high expression of a long-chain-fatty-acid-CoA ligase (among the top 25% expressed 240 genes; Fig. 5a ; Supplementary Table 3 ). The fatty acids are then most likely catabolized to acetyl-CoA and 241 respired, as indicated by the expression of all the genes needed for beta-oxidation and the oxidative TCA cycle. 242
The anabolic incorporation of fatty acids is, however, unlikely, as we could not detect the genes for the 243 glyoxylate shunt. 244 R. eludens encoded genes for synthetizing all nucleotides and amino acids, including the nine amino acids 245 considered essential for animals. However, we found no genomic or transcriptomic indications that R. eludens 246 exports nutrients to its host, for example via amino acid exporters (see Fig. 5a and Supplementary Note 3 for 247 details). Moreover, in our TEM analyses, we found no evidence for the intracellular, lysosomal digestion of R. 248 eludens, such as lamellar bodies or tertiary lysosomes commonly observed in other nutritional symbioses 40, 41 . 249
Our ultrastructural analyses did, however, reveal large numbers of putative OMVs in the host vacuole 250 surrounding R. eludens (Figs. 3e, 3f and Supplementary Fig. 8 ). It is tempting to speculate that the host takes up 251
OMVs produced by R. eludens via phagocytosis and thus supplements its diet, since the host lacks synthesis 252 pathways for essential amino acids. However, the beneficial effects of such putative amino acid provisioning by 253 Grellia incantans has the genes for energy parasitism but does not express them 263 G. incantans, the symbiont that lives in the rER of fiber cells, appears to be a typical Rickettsiales based on 264 genomic features alone, namely a heterotroph that relies on its host for biomass and energy generation (Fig.  265   5b) . The G. incantans genome encoded the hallmark feature for intracellular energy parasites that is present in 266 all Rickettsiales genomes, a fully functional ADP/ATP-translocase for importing ATP from its host 42 . Remarkably, 267 in contrast to all other known energy parasites, we found no evidence for the expression of the ADP/ATP-268 translocase in G. incantans (Supplementary Table 5 ). Instead, G. incantans generated ATP with an ATP 269 synthase, and the subunits a and b were highly expressed in the bacterium's proteome (Supplementary Table  270 6). Compared to the typical energy-parasitic lifestyle of cytosolic Rickettsiales that rely on ATP imported from 271 impact on its host 43 . 273
High expression of key genes of the oxidative TCA cycle and the presence of a complete electron transport 274 chain in the genome, with some of the subunits of the electron transport chain among the most highly 275 expressed genes, suggests that the proton gradient for ATP synthesis is fueled by oxidative phosphorylation 276 (Fig. 5b and Supplementary Table 5 ). An incomplete glycolysis pathway and several importers for α-ketoacids 277 and C4-dicarboxylates suggest that the metabolites respired in the TCA cycle are imported from the host (Fig.  278   5b) . 279
The genome of G. incantans encoded only a subset of the genes for the de novo synthesis of nucleotides. Genes 280 of this subset of the nucleoside/nucleotide biosynthesis as well as genes for parts of the nucleotide conversion 281 pathways were detected in the transcriptome. Similarly, only a subset of the genes for amino acid synthesis 282 were found, none of which were expressed ( Fig. 5b ; Supplementary Note 4 for details). The apparent lack of 283 amino acid synthesis pathways could be compensated for by a set of 18 importers for amino acids, many of 284 which were expressed. Furthermore, we detected several importers for nucleotides, phosphorus and trace 285 elements in the genome (Fig. 5b) . While G. incantans apparently relies on its host for amino acids, it may supply 286 its host with riboflavin. G. incantans expressed the genes for the synthesis of riboflavin (vitamin B2), an 287 essential vitamin that cannot be synthetized by most metazoans. Our analyses of transcriptomic data of the 288 Trichoplax H2 host, as well as the genome and proteome of the closely related haplotype H1 18, 44 , revealed that 289 both appear to lack the known genes for synthetizing riboflavin (Supplementary Fig. 9 ). Furthermore, our 290 analyses of the Trichoplax H2 transcriptome and the H1 proteome 44 showed that both haplotypes expressed 291 the enzymes for the conversion of riboflavin to flavin adenine dinucleotide via flavin mononucleotide, and are 292 therefore likely to rely on an external source of riboflavin (Supplementary Table 4 ). This suggests that by 293 synthetizing riboflavin, G. incantans may supplement the nutrition of its host. 294
Rickettsiales are known to manipulate their hosts' cellular biology and evade recognition by its immune 295 system 45 . These manipulations often rely on secretion systems and their secreted effectors. G. incantans 296 encoded two variants of the type IV secretion system (T4SS). The T4SSs are versatile export systems that 297 secrete proteins with a specific C-terminal peptide signature 46 . We detected 96 proteins with T4SS specific C-298 terminal peptide signatures in the genome of R. incantans, several of which were among the most highly 299 properly annotated. The three genes with the highest average expression and a T4SS export-peptide signature 301 that could be annotated may be involved in preventing apoptosis. Apoptosis is one of the most common 302 responses of eukaryote cells to bacterial infection 47 , and many pathogenic intracellular bacteria inhibit 303 apoptosis by injecting effector proteins into their hosts through secretion systems. The three annotated genes 304
were LSU ribosomal protein L7/L12, SSU ribosomal protein S11p and the chaperone protein DnaK. While L7/L12 305 and S11p could not be detected in all three transcriptomes, the highest consistently expressed and annotated 306 protein with a T4SS signature was DnaK, the bacterial homologue to heat shock protein 70 in eukaryotes 307 (Hsp70/Hsp72). Eukaryotic Hsp70 prevents initiation of apoptosis in eukaryotic cells by blocking caspase-9 308 recruitment to the Apaf-1 apoptosome 47, 48 . Eukaryotic Hsp72 has been shown to dampen the unfolded protein 309 response of the rER, a cellular rescue mechanism that is tightly linked to the detection of viral or bacterial 310 interference with eukaryotic protein expression together with rapid doubling rates of these hosts in our aquaria of 2-3 days, are in stark contrast to virulent 325 pathogenic infections. Moreover, G. incantans appears to generate its own ATP in contrast to all other known 326 energy parasites and modulate its host immune response to prevent apoptosis. It may also supplement its host 327 diet with riboflavin, a potentially beneficial trait when riboflavin availability is limiting for the host. 328 aquatic environments 330 To assess how widespread the two Trichoplax symbionts are in other environments and hosts, we surveyed the 331 ~300,000 publically available amplicon-based 16S rRNA sequence libraries using the IMNGS pipeline 52 . We did 332 not find any sequences related to R. eludens, using a cut-off of 99% identity. In stark contrast, highly similar to 333 identical G. incantans sequences were present in aquatic environments, both marine and limnic, from across 334 the globe (Table 1) . Of the 8,026 libraries from aquatic environments, we found sequences that were at least 335 99% identical to G. incantans in almost ten percent of these libraries (n=845). Out of these 3002 sequences, 336 1057 sequences were considered identical to the G. incantans sequence and 99.8% of these sequences were 337 attributed to the genus Grellia based on evolutionary placement analysis ( Supplementary Fig. 10 ). This is 338 remarkable for Midichloriaceae, because all other genera were much rarer and present in only 0 -55 libraries, 339 depending on the genus (Supplementary Table 7 ). The presence of Grellia phylotypes in such a wide range of 340 environments, including limnic ones, indicates that these bacteria have host ranges beyond placozoans. Indeed, 341 our phylogenetic 16S rRNA analyses showed that sequences that group with the genus Grellia have been found 342 in marine protists (Eutreptiella), sea cucumbers (Apostichopus), and oysters (Crassostrea), as well as in the 343 limnic cnidarian Hydra oligactis (see Fig. 1 ). The Hydra sequences came from specimens collected freshly from 344 their natural environments and in animals reared in the laboratory for more than 30 years, indicating the 345 stability of this association in these hosts 53, 54 . 346
The recent realization that human pathogens such as Chlamydiae, Legionellales, and Rickettsiales have closely 347 related relatives that live in hosts ranging from protists to fish from aquatic and soil habitats, has led to a 348 paradigm shift in our view of the ecology and evolution of intracellular bacteria 
Conclusions
354
Unlike other animals at the base of the animal tree, such as sponges, cnidarians or ctenophores, Placozoa is the 355 only phylum in which intracellular bacteria have been observed in all individuals and haplotypes investigated. 356
Intracellular symbiosis thus appears to be an invariant trait across this phylum. Our study identifies theseand fidelity to the host cell type in which the symbionts reside. 359
Although intracellular symbionts are a shared characteristic of all placozoans investigated to date, only little is 360 currently known about the diversity of these symbionts across the 19 cryptic species within this phylum. Our 361 study provides the first insights into how these symbioses may have evolved in two very closely related 362
Trichoplax haplotypes, H1 and H2. These two haplotypes putatively separated only decades ago 18 . Intriguingly, 363 their symbioses appear to have followed very different trajectories. While all Trichoplax H2 specimens we 364 investigated in this study had the symbiont R. incantans of the Margulisbacteria, neither this symbiont nor any 365 of its close relatives, appears to be present in Trichoplax H1 (see Methods). These findings suggest that either: 366 i) the last common ancestor of Trichoplax H1 and H2 had a margulisbacterial symbiont that was lost in the H1 367 lineage; or ii) the last common ancestor of these two host haplotypes did not have a margulisbacterial 368 symbiont, and the H2 lineage acquired this symbiont recently, after separating from H1. The reads of each library were mapped back to the assembled scaffolds using bbmap 421 (https://sourceforge.net/projects/bbmap/ ) with the option fast=t. Scaffolds were binned based on the 422 mapped read data using MetaBAT 
Proteomic analyses
437
Peptide samples for proteomics were prepared and quantified from two samples of 10 Trichoplax each and one 438 sample of 30 Trichoplax specimens as described by Kleiner et al. 72 according to the filter-aided sample 439 preparation (FASP) protocol described by Wisniewski et al.
73
. In addition to minor modifications as described in 440
Hamann and co-authors 74 , we did not clear the lysate by centrifugation after boiling the sample in lysis buffer. 441
Instead, since the sample size was extremely limited (10 Trichoplax specimens = 0.2 ul), we loaded the whole 442 lysate on to the filter units used for the FASP procedure. Centrifugation times before column washes with 100 443 μl UA were halved as compared to Hamann et al.
74
. Peptides were not desalted. Peptide concentrations were 444 determined with the Pierce Micro BCA assay (Thermo Fisher Scientific) following the manufacturer's 445
instructions. 446
All samples were analyzed by 1D-LC-MS/MS as described in Kleiner et al. 72 with the modification that a 75 cm 447 analytical column was used. Briefly, the sample containing 30 specimens was measured in technical replicate, 448 for the others the whole sample was used in one analysis. 0.8-3 μg peptide were loaded with an UltiMate The 16S rRNA gene dataset was aligned using mafft 78 , and the phylogenetic tree was calculated using fasttree For G. incantans, the database of genomes for phylogenetic analysis was compiled from all available genomes 477 from the Midichloriaceae as well as representatives for all genera of the Anaplasmataceae and Rickettsiaceae. 478
We also screened the assembly of the Trichoplax H1 genome project for contigs that belong to the 479 Midichloriaceae contamination using BLAST 76 with the G. incantans genome as implemented in Geneious R9 480 (http://www.geneious.com) 77 . The identified set of contigs corresponded to the set found by Driscoll et al. 19 481 and were added to the database. We similarly searched for sequences related to R. eludens in the H1 genome 482 project, but no significant hits were detected. 483
For genome-based alignments of the amino acids of 43 conserved phylogenetic marker genes, the tree workflow 484 as implemented in CheckM was used 64 . For Ruthmannia, the genome bin data was integrated into a 485 taxonomically selected part of the alignment from Hug et al. 2016 29 that covered all Melainabacteria and 486 Cyanobacteria, the WOR-1 and RBX-1 (Margulisbacteria) as well as 5 short branching Firmicutes as an outgroup. 487
The phylogenetic reconstructions of the concatenated alignments were calculated using fasttree with the WAG 488 model for amino acid substitutions and visualized and analyzed using iTOL publications. The detected 16S rRNA reads were aligned to the Rickettsiales dataset using mafft --addfragments 497 and the evolutionary placements in the tree were performed using raxml 81 . 498
Transmission electron microscopy
499
Live specimens were high-pressure frozen with a HPM 100 (Leica Microsystem) in 3 mm aluminum sample 500 holders, using hexane as filler as needed. The samples were transferred onto frozen acetone containing 1% 501 osmium tetroxide and processed using the super quick freeze-substitution method 82 . After reaching room 502 temperature, the samples were washed three times with acetone and infiltrated using centrifugation, modified 503 after McDonald 83 in 2 ml tubes sequentially with 25%, 50%, 75% and 2x 100% Agar Low Viscosity resin (Agar 504 Scientific).For this process, the samples were placed on top of the resin and centrifuged for 30 s with a bench top 505 centrifuge (Heathrow Scientific) at 2,000 g for each step. After the second pure resin step, they were transferred 506 into fresh resin in embedding molds and polymerized at 60 °C for 12 hours. 507 Ultra-thin (70 nm) sections were cut with an Ultracut UC7 (Leica Microsystem) and mounted on formvar-coated 508 slot grids (Agar Scientific). They were contrasted with 0.5% aqueous uranyl acetate (Science Services) for 20 min 509 and with 2% Reynold's lead citrate for 6 min before imaging them at 20-30 kV with a Quanta FEG 250 transmission 510 electron microscope (FEI Company) equipped with a STEM detector using the xT microscope control software 511 ver. 6.2.6.3123. 512
For electron tomography 300 nm serial sections were placed on formvar coated 2x1mm slot grids and stained 513 with uranyl acetate and lead citrate. 30 nm gold fiducials were applied on both sides of the slot grid. Dual-axis 514 tilt series (±60°, step size 1°) were acquired with a FEI Tecnai F30 300kV electron microscope equipped with an 515
Axial Gatan US1000 CCD camera. SerialEM software was used for the automated tomographic tilt series 516 acquisition 84 . Alignment and reconstruction of the tilt series were carried out with IMOD
85
. The serial tomograms 517 were aligned with TrakEM2 86 in Fiji 87 and visualization and segmentation were carried out using the software 518 Amira 3D. 519
Fluorescence in situ hybridization 520 two FISH probes for each symbiont that were specific to their 16S rRNA sequences (Supplementary Table 2) . 522
We confirmed the specificity of the probes by comparing their sequences to all available sequences in the arb-523 silva 128 database and RDP (Ribosomal Database Project) rel.11.5
90
. The most specific probe to R. eludens had 524 2 mismatches to first non-target hit sequences, the most specific probe for G. eludens also matches the 6 most 525 closely related Grellia sequences, detailed results are presented in Supplementary Table 2 ) at a concentration of 8.4 pmol/µl were diluted with hybridization buffer 531 containing 35% formamide, 900 mM NaCl, 20 mM Tris/HCl and 0.01% SDS at a ratio of 15:1. Whole animals 532
were incubated in 30 µl of the probe/hybridization buffer mix at 46°C in 250 µl PCR tubes for 3-4 hours, 533
followed by a 30 minute washing step in washing buffer containing 700 mM NaCl, 20 mM Tris/HCl, 5 mM EDTA 534 and 0.1% SDS. After a 10 minute washing step in PBS, the animals were stained with DAPI for 30 minutes, 535 washed twice again in PBS and mounted on glass slides in Vectashield mounting medium. 536
To test the probes designed for this study, 30 clonal individuals of Trichoplax H2 were pooled, fixed as 537 described above, homogenized by sonication and applied to a filter. The parts of the filter were then tested 538 with different formamide concentrations and the optimal formamide concentration was determined. 539
Fluorescence images were taken with a Zeiss LSM 780 equipped with a plan-APROCHROMAT 63X/1.4 oil 540 immersion objective using the ZEN software (black edition, 64bits, version: 14.0.1.201) (Carl Zeiss Microscopy 541 GmbH). 542
Data availability
543
The metagenomic and metatranscriptomic raw reads and assembled symbiont genomes are available in the 544 European Nucleotide Archive under Study Accession Number PRJEB30343 545
The mass spectrometry metaproteomics data and protein sequence database were deposited in the 546 ProteomeXchange Consortium 95 via the PRIDE partner repository with the dataset PXD012106 547 reconstruction shown in Figure 4 
